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© Process for producing copolymer latex and paper coating composition, carpet backing 
composition or adhesive composition comprising said latex. 

<§) A process for producing a copolymer latex having a ge! content of 5% by weight or more, comprising 
emulsion-polymerizing 

(a) 2-80% by weight of a conjugated diene compound, 

(b) 0.1-10% by weight of an ethylenically unsaturated carboxylic acid, and 

(c) 10-97.9% by weight of an ethylenically unsaturated compound other than the components (a) and (b) in 
the presence of 

(d) a chain transfer agent comprising at least one member selected from the group consisting of the following 
(d-1)to (d-6): 

(d-1) an a-methylstyrene dimer, 

(d-2) at least one disulfide compound selected from the group consisting of dimethylxanthogen disulfide, 
diethylxanthogen disulfide and thiuram disulfide, 

(d-3) at least one hydrocarbon compound selected from the group consisting of hydrocarbon compounds 
having an aromatic ring and at least one saturated carbon atom directly bonded to the ring, said carbon 
atom having bonded thereto at least one hydrogen atom and forming an aliphatic ring, and alicyclic 
hydrocarbon compounds having in the ring at least two carbon-to-carbon double bonds and at least one 
saturated carbon atom adjacent to the carbon-to-carbon double bonds and forming the aliphatic ring, said 
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carbon atom having at least one hydrogen atom, 

(d-4) an unsaturated heterocyclic compound having in the heterocyclic ring a carbon-to-carbon double 
bond and at least one saturated carbon atom adjacent to the carbon-to-carbon double bond and forming 
the heterocyclic ring, said carbon atom having at least one hydrogen atom, 

(d-5) a hydrocarbon compound having at least two unsaturated bonds and at least one saturated carbon 
atom adjacent to the carbon atoms taking part in the two unsaturated bonds, said saturated carbon atom 
forming no ring structure and having at least one hydrogen atom, and 

(d-6) a mixture consisting of (X) 5-95% by weight of at least one compound selected from the group 
consisting of terpinolene, a-terpinene, yterpinene and dipentene and (Y) 95-5% by weight of at least one 
compound selected from the group consisting of alkylmercaptans. halogenated hydrocarbons and disulfide 
compounds. The copolymer latex produced according to the above process contains fine coagula only in a 
very small amount, and is suitable for use in paper coating compositions, carpet backing compositions and 
adhesive compositions. 
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PROCESS FOR PRODUCING COPOLYMER LATEX AND PAPER COATING COMPOSITION, CARPET BACK- 
ING COMPOSITION OR ADHESIVE COMPOSITION COMPRISING SAID LATEX 

This invention relates to a process for producing a polymer latex which is very low in content of fine 
coagula formed during the polymerization, excellent in mechanical stability, excellent in bonding strength 
and blister resistance when used in various applications utilizing the adhesivity, and more sufficiently 
provided with properties required by various applications, as well as to a paper coating composition, a 
6 carpet backing composition and an adhesive composition all comprising said copolymer latex. 

Copolymer latexes obtained by emulsion-polymerizing a monomer mixture comprising, as essential 
components, conjugated diene compounds, alky I (meth)acrylates, etc., are similar to natural rubber latex 
and have adhesivity; accordingly, such copolymer latexes are in wide use in various applications utilizing 
the properties. The applications include, for example, a paper coating composition, a carpet backing 
70 composition, adhesive compositions of various types, a paint, a cement modifier and an asphalt modifier. 

All of these applications have strong requirements for higher productivity and higher quality, making 
increasingly severe the production conditions and use conditions of the copolymer latex used in the 
applications. 

In order to meet these severe conditions, the copolymer latexes are required to (a) contain fine coagula 
75 in an amount as small as possible because they cause deterioration of latex quality, (b) have excellent 
mechanical stability throughout all the steps of production and use and. in various applications, (c) give rise 
to no blister, that is, have blister resistance during the high-temperature-drying (a drying step is necessary 
in most of the applications) and have an excellent bonding strength. 

Conventional copolymer latexes, however, are not sufficient in content of fine coagula, mechanical 
20 stability, blister resistance, bonding strength and water resistance. 

Thus, conventional copolymer latexes have problems in that they are not sufficient in each of content of 
fine coagula, mechanical stability, blister resistance, bonding strength and water resistance and have no 
sufficient properties required by applications utilizing the adhesivity of copolymer latex. 

The present inventors have found that a copolymer latex obtained by emulsion-polymerizing specific 
25 monomers in the presence of a specific chain transfer agent is very low in content of fine coagula and 
highly improved in mechanical stability, blister resistance, bonding strength and water resistance and, when 
used in various applications, more sufficiently provided with the properties required by the applications. 

An object of this invention is to provide a process for producing a copolymer latex very low in content 
of fine coagula. 

30 Another object of this invention is to provide a paper coating composition comprising said copolymer 
latex, a pigment and, as necessary, a water-soluble high-molecular compound. 

A further object of this invention is to provide a carpet backing agent comprising said copolymer latex 
and an inorganic filler. 

A still further object of this invention is to provide an adhesive comprising said copolymer latex and a 
35 thermoplastic polymer. 

Other objects and advantages of this invention will become apparent from the following description and 
the accompanying drawings. In the accompanying drawings, Fig. 1 to Fig. 4 are explanatory drawings each 
showing the amount of chain transfer agent added per unit time. 

According to this invention, there is provided a process for producing a copolymer latex having a gel 
40 content of 5% by weight or more, comprising emulsion-polymerizing 

(a) 2-80% by weight of a conjugated diene compound, 

(b) 0.1-10% by weight of an ethylenically unsaturated carboxylic acid, and 

(c) 10-97.9% by weight of an ethylenically unsaturated compound other than the components (a) and (b) 
in the presence of 

45 (d) a chain transfer agent comprising at least one member selected from the group consisting of the 
following (d-1) to (d-6): 

(d-1) an a-methyistyrene dimer, 

(d-2) at least one disulfide compound selected from the group consisting of dimethylxanthogen 
disulfide, diethylxanthogen disulfide and thiuram disulfide, 
50 (d-3) at least one hydrocarbon compound selected from the group consisting of hydrocarbon 

compounds having an aromatic ring and at least one saturated carbon atom directly bonded to the 
ring, said saturated carbon atom having bonded thereto at least one hydrogen atom and forming an 
aliphatic ring, and alicyclic hydrocarbon compounds having in the ring at least two carbon-to-carbon 
double bonds and at least one saturated carbon atom adjacent to the carbon-to-carbon double bonds 
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and forming the aliphatic ring, said saturated carbon atom having at least one hydrogen atom 
(d-4) an unsaturated heterocyclic compound having in the heterocyclic ring a carbon-to-carbon double 
bond and at least one saturated carbon atom adjacent to the carbon-to-carbon double bond and 
forming the heterocyclic ring, said saturated carbon atom having at least one hydrogen atom 
(d-5) a hydrocarbon compound having at least two unsaturated bonds and at least one 'saturated 
carbon atom adjacent to the carbon atoms taking part in the two unsaturated bonds, said saturated 
carbon atom forming no ring structure and having at least one hydrogen atom and 
(d-6) a mixture consisting of (X) 5-95% by weight of at least one compound selected from the group 
consisting of terpmolene, o-terpinene, r-terplnene and dipentene and (Y) 95-5% by weight of at least 
one compound selected from the group consisting of alkylmercaptans, halogenated hydrocarbons and 
disulfide compounds. 
This inveniton is described in detail below. 

is (Monomer components of copolymer latex) 

(a) Conjugated diene compound 

20 Specific examples of the conjugated diene compound include butadiene, isoprene, 2-chloro-1 3- 
butad.ene and 2-methyM ,3-butadiene. These can be used alone or in combination of two or more. Of ttem 
butadiene is particularly preferable. ' 

ccnn^rK 11 dle "« ^Pound '* "*ed to impart adequate elasticity and film hardness to the resulting 
, s STk T *f used is sele «ed from the range of 2-80% by weight, preferably 

JiT * W6,9l :i nlore P referab| y 2 0-65% by weight, most preferably 20-60% by weight, based on the 
JS hTTr^' WK 6 " 2? am ° Um iS ' eSS than 2% by Wei9ht " no sufficient e,astici, V ™<* ending strength 

z iss s^ssi.— than -* by wei9ht - ^ m ™ - ^ « 
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(b) Ethylenically unsaturated carboxylic acid 

as a ^l!T^f S ° f „ the e i hy,enical, y "saturated carboxylic acid include monocarboxylic acids such 
Z^T^JT^T 0 ^' C ? t0n,C acW 80(1 *" Hke: dica * ox y' i< = acids such as maleic acid, fumaric 
S" ff^K C L d !" d ?! ' ke: a " d monoesters su <* as methyl maleate. methyl itaconate. *-methacrylox- 
yethyl acd hexahydrophthalate and the like. Dicarboxylic acid anhydrides can also be used These can be 
used alone or in combination of two or more. The component (b) is preferably a dicarboxylic acid and 
particularly preferably a combination of a dicarboxylic acid and a monocarboxylic acid 

The amount of the ethylenically unsaturated carboxylic acid used is selected from the range of 0 1-1 0% 
by weight, preferably 0.5-7% by weight, particularly preferably 1-7% by weight, based on the total 

c^ZZ-^V^ fe J eSS *" 01% by wei9ht ' ■*•"«* mechanical stabHit^ % 

copolymer latex are low. When the amount Is more than 10% by weight, viscosity of copolymer latex is 
high, making its handling difficult and reducing its workability. up°'vmer , aie x is 

(c) Ethylenically unsaturated compound other than the components (a) and (b) 

r-rtiLS 8 JST'T* (C) ' *"? 080 136 used aromatic alkenvl compounds, ethylenically unsaturated 
carboxylic acd ester compounds, ethylenically unsaturated carboxylic acid amide compounds, alkenyl 
cyanide compounds, ethylenically unsaturated amine compounds, etc 

StyrSe inrefen^ 8 "^ COmP ° UndS inC ' ude Styrene ' ™thylstyrene. vinyltoluene. p-methylstyrene. etc. 

The ethylenically unsaturated carboxylic acid ester compounds include alkyl esters of ethylenically 
unsaturated carboxylic acids, such as methyl (meth)acrylate, ethyl (meth)acrylate. propyl (meth)acrylate 
£2 SSST^ ******* and the like; hydroxyalkyl esters of ethylenically 22£ 
rated carboxylic acids, such as 2-hydroxyethyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2,3.4,5,6- 
pentahydroxyhexyl (meth)acrylate. 2.3.4.5-tetrahydroxypentyi (meth)acrylate and the like [2-hydroxye%l 
(meth)acrylate is preferable]: vinyl esters of ethylenically unsaturated carboxylic acids, such as vinyl acetate 
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and the like; and so forth. 

The ethylenically unsaturated carboxylic acid amide compounds include (meth)acrylamide i N-methyiol 
(meth)acrylamide, diacetone(meth)acrylamide. crotonamide, itaconamide. methylitaconamjde, maleic acid 
rnonoamide, methylenedi(meth)acrylamide and dia!kyl(meth)acrylamides such as N,N -dimethyl(meth)- 
5 acrylamide, N,N'-diethyl(meth)acrylamide and the like. Of these, there are preferred acrylamide, 
methacrylamide, N-methylolacrylamide and N,N'-dimethylacrylamide. 

The alkeny! cyanide compounds include 2-cyanoethyl (meth)acrylate, acrylonitrile, methacrylonitrile, a- 
chloroacrylonitrile, etc. 

The ethylenically unsaturated amine compounds include methylaminoethyl (meth)acrylate, 
10 dimethylaminoethy! (meth)acrylate, dimethylaminopropyl (meth)acrylate, diethylaminoethyl (meth)acrylate, 
dibutylaminoethyl (meth)acrylate, dimethylaminoethyl (meth)acrylate, dimethylaminopropyl (meth)acrylate, 
2-vinylpyridine, 4-vinylpyridine, etc. 

The component (c) is used to impart adequate hardness, elasticity and water resistance to the resulting 
copolymer. The amount of the component (c) used is selected from the range of 10-97.9% by weight, 
75 preferably 33-79.5% by weight, based on the total monomers. When the amount is less than 10% by 
weight, water resistance is poor. When the amount is more than 97.9% by weight, the copolymer is too 
hard and its adhesion strength is low. 

The components (a), (b) and (c) are used ordinarily in the above amount ranges; however, their 
amounts are preferably selected in more specific ranges and the component (c) is preferably selected from 
20 more specific compounds, depending upon the applications of the resulting copolymer latex. 

For example, when the amount of the component (a) used is 10-60% by weight, preferably 20-55% by 
weight, the amount of the component (b) used is 0.5-10% by weight, preferably 1-7% by weight, and there 
are used, as the component (c), an aromatic alkenyl compound in an amount of 10-65% by weight, 
preferably 30-60% by weight, based on the total monomers, and an ethylenically unsaturated carboxylic 
25 acid amide and/or a hydroxyalkyl (meth)acrylate in an amount of 0.1-10% by weight, preferably 1-8% by 
weight, based on the total monomers, there can be obtained a copolymer latex (hereinafter referred to as 
"specific latex l n ) suitable for use in paper coating composition for gate roll. 

Further, when together with the above components (a) and (b), there are used, as the component (c). an 
ethylenically unsaturated amine compound in an amount of 0.1-10% by weight, preferably 0.5-7% by 
30 weight based on the total monomers, there can be obtained a copolymer latex (hereinafter referred to as 
"specific latex II") suitable for use in paper coating composition for offset printing. 

Furthermore, when the amount of the component (a) used is 2-80% by weight, preferably 0.2-60% by 
weight, the amount of the component (b) used is 0.1-10% by weight, preferably 1-7% by weight, and there 
is used, as the component (c). an alkenyl cyanide compound in an amount of 0.5-40% by weight, preferably 
35 1-40% by weight based on the total monomers, there can be obtained a copolymer latex (hereinafter 
referred to as "specific latex III") suitable for use in paper coating composition with excellent gloss as well 
as in car mat. 



40 Component (d) 



Component (d-1 ) 

45 The a-methylstyrene dimer includes, as isomers, 2-4-diphenyl-4-methyl-1-pentene (hereinafter referred 
to as "DPMP-1"), 2,4-diphenyl-4-methyl-2-pentene (hereinafter referred to as "DPMP-2") and 1,1,3- 
trimethyl-3-phenylindane (hereinafter referred to as "TMPI"). The composition of the a-methylstyrene dimer 
consists of preferably 40% by weight or more of DPMP-1 and 60% by weight or less of DPMP-2 and/or 
TMPl. more preferably 50% by weight of DPMP-1 and 50% by weight or less of DPMP-2 and/or TMPI, 

50 particularly preferably 70% by weight or more of DPMP-1 and 30% by weight or less of DPMP-2 and/or 
TMPI. The higher the ratio of DPMP-1 in a-methylstyrene dimer, the higher the chain transfer effect of the 
dimer. 

The a-methylstyrene may contain impurities, for example, unreacted a-methylstyrene dimer and a- 
methylstyrene oligomers and/or polymers other than DPMP-1, DPMP-2 and TMPI to the extent that the 
55 objects of this invention are not impaired. 

When the a-methylstyrene dimer is used as the component (d-1), it may be used in an unpurified state 
just after the synthesis as long as it exhibits the intended purpose. 
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Component (d-2) 

The component (d-2) is at least one disulfide compound selected from the group consisting of 
dimethylxanthogen disulfide, diethylxanthogen disulfide and thiuram disulfide. 

Of the disulfide compounds, the thiuram disulfide is represented by the following general formula (I): 



wherein four R's which may be the same or different, are each an alkyl group of 1-6 carbon atoms, and the 
two R's bonded to the same nitrogen atom may be bonded to each other to form a ring of 1-5 carbon 
atoms. Specific examples of the thiuram disulfide include tetramethylthiuram disulfide, tetraethylthiuram 
disulfide, tetrabutylthiuram disulfide and dipentamethylenethiuram disulfide. Of these, tetraethylthiuram 
disulfide is particularly preferable. 



Component (d-3) 

The component (d-3) is at least one hydro carbon compound selected from the group consisting of 
hydrocarbon compounds having an aromatic ring and at least one saturated carbon atom (hereinafter 
referred to as "specific carbon atom 1") directly bonded to the ring, said carbon atom having bonded 
thereto at least one hydrogen atom and forming an aliphatic ring, and alicyclic hydrocarbon compounds 
having in the ring at least two carbon-to-carbon double bonds and at least one saturated carbon atom 
(hereinafter referred to as "specific carbon atom 2 n ) adjacent to the carbon-to-carbon double bonds and 
forming the aliphatic ring, said carbon atom having at least one hydrogen atom. 

The component (d-3) specifically includes, for example, 

(A) condensed polycyclic hydrocarbon compounds consisting of at least one aromatic ring and at least 
one aliphatic ring selected from five-mem bered rings and six-mem bered rings, 

(B) five-membered or six-membered single ring alicyclic hydrocarbon compounds having two unsatu- 
rated double bonds in the ring, and 

(C) alicyclic hydrocarbon compounds consisting of two aliphatic rings selected from five-membered rings 
and six-membered rings and having three unsaturated double bonds in the aliphatic rings. 

Preferable examples of the compounds (A) include 9,10-dihydroanthracene, 1 ,4-dihydronaphthalene, 
1 f 2-dihydronaphthalene, 1 ,2,3,4-tetrahydronaphthalene and indene; preferable examples of the compounds 
(B) include 1 ,4-cyclohexadiene and 1 ,4-cyclopentadiene; and preferable examples of the compounds (C) 
include 1,4,5,8-tetrahydronaphthalene. 

Of these compounds (A) to (C), there are preferred those compounds wherein one of the specific 
carbon atom 1 and the specific carbon atom 2 is directly bonded to the two carbon-to-carbon double bonds. 
Such compounds are, for example, 9,10-dihydroanthracene, 1 ,4-dihydronaphthalene, indene and 1,4,5,8- 
tetrahydronaphthalene. 

The above specific unsaturated cyclic compounds may be substituted with alkyl groups of 1-10 carbon 
atoms, preferably 1-4 carbon atoms, such as methyl, ethyl, butyl and the like. 

As the component (d-3), there may also be used 3-phenylcyclohexene, etc., besides the compounds (A) 
to (C). 



Component (d-4) 

The component (d-4) is an unsaturated heterocyclic compound having in the heterocyclic ring a carbon- 
to-carbon double bond and at least one saturated carbon atom adjacent to the carbon-to-carbon double 
bond and forming the heterocyclic ring, said carbon atom having at least one hydrogen atom. 

The component (d-4) ordinarily has 4-20 carbon atoms and includes, for example, 2,5-dihydrofuran, a- 
pyran, y-pyran, 3,6-dihydro-2H-pyran, 2H-chromene, 4H-chromene, xanthene, phthalan and 3H-indole. 
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Of these, there are preferred those compounds wherein one of the specific carbon atoms is directiy 
bonded to the two carbon-to-carbon double bonds. Such compounds include, for example, 4H-chromene 
and xanthene. 

The above compounds may be substituted with alkyl groups of 1-10 carbon atoms, preferably 1-4 
5 carbon atoms, such as methyl, ethyl, butyl and the like. 



Component (d-5) 

w The component (d-5) is a hydrocarbon compound having at least two unsaturated bonds and at least 
one saturated carbon atom adjacent to the carbon atoms taking part in the two unsaturated bonds, said 
saturated carbon atom forming no ring structure and having at least one hydrogen atom. 

The component (d-5) ordinarily has 5-20 carbon atoms and includes compounds having a structural unit 
represented by the following general formula (II) and compounds having a structural unit represented by the 

15 following general formula (III): 



20 



25 



30 
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H 

C - C - C - CT (II) 



Specific example of the compounds having a structural unit represented by the general formula (II) is 
1,4-hexadiene, and specific examples of the compounds having a structural unit represented by the general 
formula (ill) are 3-phenyM-pentene, 1-phenyl-2-pentene, 1-phenyl-2-hexene and 2-phenyl-3-hexene. 

The . above compounds may be substituted with alkyl groups of 1-10 carbon atoms, preferably 1-4 
carbon atoms, such as methyl, ethyl, butyl and the like. 

Component (d-6) 

The component (d-6) is a mixture consisting of (X) at least one compound [hereinafter referred to as 
component (X)] selected from the group consisting of terpinolene, o-terpinene. r-t©npin©ne and dipentene 
and (Y) at least one compound [hereinafter referred to as component (Y)] selected from the group 
consisting of alkylmercaptans, carbon tetrachloride, xanthogen disulfides and thiuram disulfides. 

Specific examples of the alkylmercaptans as the component (Y) include octylmercaptan, n-dodecylmer- 
captan, tert-dodecylmercaptan, n-tetradecylmercaptan, tert-tetradecylmercaptan and n-hexadecyimercaptan. 
Of these, tert-dodecylmercaptan is used preferably. 

The xanthogen disulfides and thiuram disulfides include the same disulfide compounds as mentioned 
for the component (d-2). 

The proportion of the component (X) in the component (d-6) Is 5-95% by weight, preferably 10-95% by 
weight. When the proportion of the component (X) is less than 5% by weight or more than 95% by weight, 
no meritorious effect is obtained by the combination use of the components (X) and (Y). 

The components (d-1) to (d-6) can be used alone or in combination of two or more. 

In this invention, the component (d) is preferably an o-methylstyrene dimer which is the component (d- 
1), because it gives a low coagula content and weakest odor. The component (d-1) is preferably used in 
combination with chain transfer agents other than the component (d-1). The chain transfer agents other than 
the component (d-1) are preferably alkylmercaptans. halogenated hydrocarbons, disulfide compounds, etc. 
and particularly preferably alkylmercaptans. As the alkylmercaptans. halogenated hydrocarbons and disul- 
fide compounds, there can be mentioned the same compounds as mentioned above. In this case, the 
proportion of the component (d-1) in the total chain transfer agents is ordinarily 2-100% by weight, 
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preferably 3-100% by weight, more preferably 5-100% by weight, most preferably 5-95% by weight. When 
the component (d-1) Is used in a proportion of 2% by weight or more based on the total chain transfer 
agents, bonding strength and blister resistance can be further increased. 

The proportion of the component (d) is 0.05-20 parts by weight, preferably 0.1-10 parts by weight, more 
5 preferably 0.5-7 parts by weight per 100 parts by weight of the total monomers, i.e. the total of the 
components (a), (b) and (c). 

When the amount of the component (d) used is less than 0.05 part by weight, blister resistance is poor. 
When the amount is more than 20 parts by weight, a large amount of coagula Is formed during the 
emulsion polymerization, making the production of copolymer latex virtually impossible. 

70 

(Polymerization process and additives used in polymerization) 

The copolymer latex of this invention can be produced by a conventional emulsion polymerization 
75 process using the above-mentioned monomers and chain transfer agent. That is, the present copolymer 
latex can be obtained by adding, to an aqueous medium (usually water), a monomer mixture, a polymeriza- 
tion initiator, an emuisifier, a chain transfer agent, etc. and subjecting the resulting mixture to emulsion 
polymerization. 

In this invention, the polymerization initiator used in emulsion polymerization is not critical, and there 
20 can be used, for example, organic polymerization initiators such as hydroperoxides (e.g. cumene 
hydroperoxide, diisopropylbenzene hydroperoxide, paramenthane hydroperoxide), peroxides (e.g. benzoyl 
peroxide, lauroyl peroxide), azo compounds (e.g. azobisisobutyronitrile) and the like, as well as inorganic 
polymerization initiators such as persurfates (e.g. potassium persulfate, sodium persulfate, ammonium 
persulfate) and the like. 

25 In this invention, these organic polymerization initiators may be used alone; however, the combined use 
of the above organic polymerization initiator and the above inorganic polymerization initiator is preferable 
because it gives a copolymer latex of higher mechanical stability and lower content of fine coagula formed 
during polymerization. 

The above polymerization initiators can be used also in the form of redox type polymerization initiator 
30 which is a combination of one of the above polymerization initiator and a reducing agent such as sodium 
bisulfite or the like. 

Of these polymerization initiators, preferable are persulfates such as potassium persulfate, ammonium 
persulfate and the like; combinations of a persulfate and azobisisobutyronitrile or benzoyl peroxide; and 
combinations of a persulfate. azobisisobutyronitrile or benzoyl peroxide, and a reducing agent. 

35 In this invention, the amount of the polymerization initiator used is usually 0.1-5 parts by weight, 
preferably 0.5-2 parts by weight, per 100 parts by weight of the total monomers. When an inorganic 
polymerization initiator and an organic polymerization initiator are used in combination, the proportion of the 
organic polymerization initiator is preferably 70% by weight or less, more preferably 50% by weight or less, 
based on the total polymerization initiators. When the proportion of the organic polymerization initiator is 

4o more than 70% by weight, there arise the same problems as when an organic polymerization initiator is 
used alone. 

The type of the emuisifier used in the present emulsion polymerization is not critical, and there can be 
used any of anionic, nonionic and amphoteric surface active agents. These can be used alone or in 
admixture of two or more. There can be used, for example, anionic surface active agents such as salt of 

45 higher alcohol sulfate (e.g. sodium lauryl sulfate), satt of alkylbenzenesulfonic acid (e.g. sodium dodecylben- 
zenesulfonate) and sulfonic acid salt of aliphatic carboxylic acid ester (e.g. sodium dioctylsulfosucclnate), as 
well as nonionic surface active agents such as alkyl ester, alkyl phenyl ether and alkyl ether of polyethylene 
. glycol. The amphoteric surface active agents include those having, as the anionic portion, a carboxylic acid 
salt, a sulfuric acid ester salt, a sulfonic acid salt, a phosphoric acid salt or a phosphoric acid ester salt and, 

so as the cationic portion, an amine salt or a quaternary ammonium salt. Specifi cally, there can be mentioned, 
as alkylbetaine salts, salts of lauryibetaine, stearylbetaine, and 2-undecylhydroxyethylimidazolium betaine 
and, as amino acid type salts, salts of lauryl-0-alanine, stearyl-0-alanine, lauryl-di(aminoethyl)glycine, octyl- 
di(aminoethyl)glycine and dioctyI-di(aminoethyl)glycine. 

Of these emulsifiers, salts of alkylbenzenesulfonic acids are preferable, and sodium dodecylbenzenesul- 

55 fonate is particularly preferable. The salts of alkylbenzenesulfonic acids may be used in combination with 
other surface active agents, for example, anionic surface active agents (e.g. salt of higher alcohol sulfate, 
sulfonic acid salt of aliphatic carboxylic acid ester) and nonionic surface active agents (e.g. alkyl ester, alkyl 
ether and alkyl phenyl ether of polyethylene glycol). 
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The amount of the emulsifier used is usually 0.05-2 parts by weight, preferably 0.05-1 part by weight, 
per 100 parts by weight of the total monomers. When a salt of an alkylbenzenesulfonic acid is used in 
combination with other surface active agent of anionic type or nonionic type, the proportion of the former is 
preferably 50% by weight or more based on the total emulsifers. 
5 In this invention, the emulsion polymerization process and other conditions are not critical, and emulsion 
polymerization can be effected by a conventionally known process under conventionally known conditions. 

For example, the chain transfer agent can be added in one portion, in portions, continuously or in 
combination thereof. 

The monomer mixture can be added in one portion, in portions, continuously or in combination thereof. 

w Of these additions, addition in portions or continuous addition is preferable in view of the low content of fine 
coagula formed during polymerization, removal of the heat generated, etc. When the emulsion polymeriza- 
tion is conducted in two stages, that is, 10-50% by weight of the monomer mixture containing the whole or 
part of an ethylenically unsaturated carboxylic acid monomer is polymerized in the first stage and, in the 
second stage, the balance (50-90% by weight) of the monomer mixture is continuously added and 

75 polymerized, the formation of coagula during the polymerization can be reduced and there can be obtained 
a paper coating composition of superior properties. Therefore, it is preferable to conduct the emulsion 
polymerization of this invention in two stages. In this case, the chain transfer agent can be added in the first 
stage, the second stage or both. When the chain transfer agent is added in the second stage, the agent is 
preferably added continuously. 

20 There may be used the so-called seed polymerization wherein the above-mentioned monomers of this 
invention are polymerized in the presence of a seed latex and the chain transfer agent of this invention. The 
monomer composition for the seed latex preferably comprises 0.1-10% by weight of the above-mentioned 
monomer component (b), 50-99.9% by weight, preferably 50-99.4% by weight of the above-mentioned 
monomer component (a) and/or (c), and 0-40% by weight, preferably 0.5-40% by weight of an ethylenically 

25 unsaturated crosslinking monomer. 

The amount of the seed latex used is preferably 0.05-20 parts by weight (solid content) per 100 parts 
by weight of the monomers to be polymerized in the presence of the seed latex. When the copolymer latex 
of this invention is produced by seed polymerization, the meritorious effects intended by this invention can 
be enhanced. 

30 The ethylenically unsaturated crosslinking monomer is preferably divinylbenzene, ethylene glycol 
dlmethacrylate or trimethylolpropane trimethacrylate, more preferably divinylbenzene. 

In this invention, preferably 10% by weight or more of the monomers and preferably 5% by weight or 
more of the chain transfer agent are continuously added in the first stage and/or the second stage. In this 
case, it is preferable that emulsion polymerization be effected while the weight ratio per unit time of the 
35 monomers added continuously and the chain transfer agent added continuously be changed continuously. 

That is, in the first stage, the second stage or both, there can be preferably adopted addition methods 
as shown in Figs. 1 to 4. 

In Figs. 1 to 4, the abscissa axis indicates the time elapsing from the start of each polymerization stage, 
and the ordinate axis indicates the weight ratio (7) per unit time of the chain transfer agent added, to the 
40 monomers added. 

In the method shown in Fig. 1 , the chain transfer agent and the monomers are added at a constant 
weight ratio, i.e. a constant 7 during the initial period (B) of the stage; during the Intermediate period (A) of 
the stage, the chain transfer agent and the monomers are added so as to give a linearly increasing 7, that 
is, a linearly increasing weight ratio of chain transfer agent to monomers; and during the last period (C) of 
46 the stage, a constant 7 is employed again as in the Initial period (B). 

In the method shown in Fig. 2, a constant 7 is employed during the initial period (B) and the last period 
(C) of the stage; during the intermediate period (A), a linearly decreasing 7 is employed, that is, the weight 
ratio of chain transfer agent to monomers is linearly decreased. 

In the method of Fig. 3, during the intermediate period (A), the amount of the chain transfer agent 
50 added is changed so as to give a linearly increasing 7 and then a linearly decreasing 7. In the method of 
Fig. 4, during the intermediate period (A), the amount of the chain transfer agent added is changed so as to 
give a linearly decreasing 7 and then a linearly increasing 7. 

Figs. 1 to 4 shows the methods of addition of the monomers and the chain transfer agent. However, the 
addition methods are not restricted to them and the following cases are also considered. 
55 (1) The change of 7 can be not only linear but also like a curve. 

(2) During the initial period (B) and/or the last period (C) of the stage, the addition of the monomers and 
chain transfer agent need not always be continuous and may be any of addition In one portion, addition 
in portions, etc. 
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molecular weight compounds can be used alone or in combination of two or more. 

The calcium carbonate Is preferably calcium carbonate having an average particle diameter of 5 urn or 
less or soft calcium carbonate having an average particle diameter of 1um or less. 

The descriptions of pigment, binder and other additives as to the paper coating composition A can also 
5 apply to the pigment, binder and other additives used in the paper coating composition B. 

Still another type of paper coating composition of this invention comprising 3-30 parts by weight (solid 
content) of the specific latex I and 100 parts by weight of a pigment (this composition is hereinafter referred 
to as paper coating composition C) is superior in workability in high concentration coating, can well 
withstand severe conditions employed in the production step and printing step of coated paper for obtaining 
w higher productivity and higher quality, enables production of a coated paper excellent in bonding strength, 
blister resistance, printing gioss, inking, glueability and blister pack property, and accordingly is useful as a 
paper coating composition for paper board or gate roll coating. 

The descriptions of pigment, binder and other additives as to the paper coating composition A can also 
apply to the pigment, binder and other additives used in the paper coating composition C. 
75 The applications of this invention include a carpet backing composition comprising ordinarily 100 parts 
by weight (solid content) of the copolymer latex of this invention and ordinarily 30-800 parts by weight, 
preferably 100-700 parts by weight of an inorganic filler. 

This carpet backing composition can well withstand severe conditions employed in the production step 
of carpet for obtaining higher productivity, is very low in formation of blister, and can give a carpet superior 
20 in feeling and highly improved in peeling strength and tuft lock strength. 

The inorganic filler includes calcium carbonate, aluminum hydroxide, magnesium hydroxide, clay, 
barium sulfate, silicic acid, silicate, titanium oxide, magnesium carbonate, calcium carbonate, etc. but is not 
restricted to these. 

These inorganic fillers can be used alone or in combination of two or more. 
25 Thus, the carpet backing composition of this invention comprises, as main components, the copolymer 

latex of this invention and an inorganic filler, and can further comprise, as necessary, a dispersant. an anti- 

foaming agent, a crosslinking agent, a foaming agent, a coloring agent, a flame-retardant. an antiseptic, an 

oxidation inhibitor, a stabilizer, a vulcanization accelerator, an antistatic agent, a pH adjusting agent, etc. 
The applications of this invention further include an adhesive composition comprising ordinarily 10-90% 
30 by weight (solid content), preferably 35-65% by weight (solid content) of the copolymer latex of this 

invention and 10-90% by weight, preferably 35-65% by weight of a thermoplastic polymer (this composition 

is hereinafter referred to as adhesive composition I). 

The adhesive composition I can well withstand severe conditions employed in the coating step for 

enhancing the workability, is very low in viscosity change and formation of blister, is superior in coatability, 
35 has excellent bonding strength, and accordingly is useful as an adhesive for plywood, woodwork and 

various materials such as paper, corrugated board, cement, metal and the like. 

The thermoplastic polymer includes a maleic anhydride/a-olefin copolymer, a polyvinyl chloride, a 

polyvinyl alcohol, an acrylic polymer, a thermoplastic polyurethane. etc. The maleic anhydride/a-olefin 

copolymer is particularly preferable. 
40 The maleic anhydride/a-olefin copolymer is obtained by copolymerizing maleic anhydride with an o- 

olefin monomer copolymerizable therewith. The a-olefin monomer is preferably an a-olefin of 3-10 carbon 

atoms. The a-olefin of 3-10 carbon atoms includes isobutyrene, propylene. 1-butene. 1-pentene, 2-hexene, 

4-methyl-1-pentene, 1-octene, 1-decene, styrene and their mixtures. Of these o-olefin monomers, styrene 

and isobutyrene are particularly preferable. 
45 Into the adhesive composition I of this invention can be incorporated, as necessary, various additives 

such as pH adjusting agent, filler, viscosity adjusting agent, curing agent, oxidation inhibitor and the like. 

These additives include, for example, slaked lime, wood flour, wheat flour, casein, ammonium chloride and 

phenolic oxidation inhibitor. Slaked lime (pH adjusting agent and also filler) is used in a proportion of 

ordinarily 20-60 parts by weight per 100 parts by weight of the total of the copolymer latex (solid content) 
so and the thermoplastic polymer; and ammonium chloride (curing agent) is used in a proportion of ordinarily 

0.05-0.7 part by weight per 100 parts by weight of the total of the copolymer latex (solid content) and the 

thermoplastic polymer. 

This invention provides another adhesive composition comprising ordinarily 10-90% by weight (solid 
content), preferably 35-65% by weight (solid content) of the copolymer latex of this invention and 10-90% 
55 by weight, preferably 35-65% by weight jof a thermosetting resin (this composition is hereinafter referred to 
as adhesive composition II). 

The adhesive composition II is very low in quality deterioration even under severe conditions employed 
in the coating step for enhancing workability, is improved in various properties such as prevention for 
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staining by exudation, bonding strength, seasoning crack resistance and the like, and is useful as an 
adhesive for wooden materials, etc. 

The thermosetting resin includes, for example, a melamine resin, a urea resin, a urea-melamine resin, a 
phenolic resin and an epoxy resin. A urea resin and a urea-melamine resin are particularly preferable. 
These resins can be used alone or in combination of two or more. 

The adhesive composition II can comprise the same additives as used in the adhesive composition I In 
this case, known curing agents such as ammonium chloride, chlorine and the like are used in a proportion 
of ordinarily 0.05-5 parts by weight per 100 parts by weight of the total of the copolymer latex and the 
thermosetting resin. 

This invention is described more specifically below referring to Examples. In the Examples, % and parts 
are by weight, unless otherwise specified. 



75 



Example 1 



(Preparation of copolymer latex) 



20 



25 



30 



35 



40 



into a 100-liter pressure vessel were fed, as shown in Table 1, 2 parts of itaconic acid. 1 part of acrylic 
acid, 10 parts of butadiene, 18 parts of styrene, 10 parts of methyl methacrylate and 5 parts of acrylonitrile 
as a monomer mixture of first stage. Then, there were fed 150 parts of water, 1^5 parts of an a- 
methyistyrene dimer, 0.3 part of sodium dodecylbenzenesulfonate and 1.0 part of potassium persulfate 
Thereafter, polymerization was effected at 70 'c for 2 hours in a nitrogen atmosphere. Subsequently there 
were added, as a monomer mixture of second stage, 15 parts of butadiene, 31 parts of styrene 3 parts of 
acrylonitrile and 5 parts of methyl methacrylate, as well as 1.5 parts of an a-methylstyrene dimer 
continuously in 8 hours to effect further polymerization. The reaction was continued for a further 3 hours 
and then completed at a conversion of 98%. 

The resulting copolymer latex was adjusted to pH 7.5 with sodium hydroxide; steam was blown 
thereinto to remove the unreacted monomers; the resulting mixture was subjected to vacuum distillation 
under heating to obtain a copolymer latex [hereinafter referred to as copolymer latex (1-1)] having a solid 
content bf 50%. 

The ormethylstyrene dimer used above and to be used also in the following Examples and Comparative 
Examples had the following composition. 

Trade name: Nofmer MSD, manufactured by NIPPON OIL & FATS CO., LTD. 



Composition: 


2,4-Diphenyl-4-methyM -pentene 
2,4~Diphenyl-4-methyl-2-pentene 
1 ,1 ,3-Trimethyl-3-phenylindane 
a-Methylstyrene 


92.0% by wt or more 
5.0% by wt. or less 
1.5% by wt. or less 
1.0% by wt. or less 



45 The copolymer latex (1-1) was measured for gel content in accordance with the following method 

The copolymer latex was adjusted to pH 8.0, coagulated with isopropanol, washed, and dried. About 0.3 
g of a sample was collected from the resulting coagulum, immersed in 100 m! of toluene for 20 hours and 
measured for toluene insoluble. The toluene insoluble content was converted to a proportion (%) to the 
sample to use it as a gel content. 

SQ The copolymer latex was also measured for content of fine coaguia formed during the polymerization in 

accordance with the following method. 

1 kg of the copolymer latex was collected as a sample. The sample was filtered through a 400-mesh 

wire net, and the amount of the fine coaguia remaining on the net was weighed and converted to a 

proportion to the sample (expressed as solid content) to obtain a content of fine coaguia. The fine coaguia 
ss content was evaluated in accordance with the following three-grade method. 

O : less than 0.05% (small amount) 

A : 0.05-0.1% (relatively large amount) 

x : more than 0.1% (considerably large amount) 
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(Preparation of paper coating composition) 

A paper coating composition (a color) was prepared from the copolymer latex (1-1). using the following 
recipe. 



Clay 


80 parts 


Calcium carbonate 


20 parts 


Copolymer latex (1-1 ) 


10 parts 


Oxidized starch 


5 parts 


Sodium pyrophosphate 


0.5 part 


Water 


To make the total solid content to 60%. 



is The color was evaluated in accordance with the following test methods. Incidentally, the coated paper 
used in the tests was obtained by coating the color on a base paper of 64 g/m 2 with a coating blade so that 
the amount of the color coated became 20 g/m 2 . 



20 (1) Dry pick resistance (yardstick for bonding strength) 

The degree of pick when a coated paper was subjected to printing by a Rl printability tester was 
examined visually and evaluated in accordance with a five-grade method. A higher point indicates a better 
result. The point is an average of six measurements. 

25 

(2) Blister resistance 

A double side coated printing paper was adjusted to a moisture of about 6%. and then placed in a 
30 heated oil bath. Thus, there was measured a lowest temperature at which the paper caused blister. 



(3) Mechanical stability 

35 The color was adjusted to a solid content of 20% by weight and then subjected to mechanical shear by 
kneading between rubber rolls using a gum up tester at a pressure of 10 kg at 100 rpm at 60 C. Thus, 
there was measured a time (minutes) up to the first appearance of coagula on the rolls. The mechanical 
stability of the color was evaluated In accordance with the following three-grade method. 
O : 30 minutes or more 

4 ° A : 20 minutes or more to less than 30 minutes 
x : Less than 20 minutes 

The results are shown in Table 2. 



45 Examples 2 to 10 

The same procedure as in Example 1 was repeated, except that the monomer mixture, chain transfer 
agent polymerization initiator and emulsifier used in Example 1 were changed to those shown in Table 1, to 
obtain copolymer latexes [hereinafter referred to as copolymer latexes (I-2) to (1-10)]. The polymerization 
so time in Example 10 was different from that in Example 1; that is, in Example 10. the first stage 
polymerization was effected for 6 hours and the second stage polymerization was effected for 2 hours to 
obtain a copolymer latex (1-10). In all of Examples 2-10. polymerization was completed at a conversion of 
98% 

Paper coating compositions were prepared from these copolymer latexes in the same manner as in 
55 Example 1 and evaluated for properties. 
The results are shown in Table 2. 
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Example 1 1 



««JS ! Z V ? ^P' 6 1 was re P eated - 8xce P l that the second stage polymerization was 

s dSlrt L!T W8 ' 9 ^:° f Chai " transfer a9ent added t0 monomer mixt ^ added being oS nuous? 
2TS • T 70 = 0 05 (thS 848,1 0f addition) t0 * = 0 005 6 (the end of addition), to obtain TZnSnr 
m* c [here.nafter referred to as oopo.ymer .atex (M1)]. The polymerization was ooJ£2JJ .'S2Z 



»o Example 12 

«« JIh f sam fi e P rocedu ™ « s in Sample 10 was repeated, except that the first stage polymerization was 

bJ&T^SSZ "S (M2> ^ meaSUred ,0r 961 by 4,16 same ™thods as in 

£2 , J^T , CO f?, Co ^ posrt,ons were ^Pared from these latexes in the same manner as in 

20 SS5 Tabte 2 PhyS ' Cal Pr ° PertieS by *• Same methods as in B-mpl. 1. Thesis are 

Examples 13 and 14 



hours at 70 C to effect polymenzatoon. Thereafter, the polymerization system was adjusted tanHTslh 

manner, there were obta.ned two copolymer .atexes [hereinafter referred to as copolymSSe^es (M3)"d 

Paper coating compositions were prepared from these latav^Q in *h« . _ 

and evaluated for the same test terns by fhe sJZ ZSZ^^^Zi 7£ VIL^SEi 
.n accordance with the following method. The results shown in Table 3 were • obSned 518,109 

Test method for water resistance 

Wet pick resistance (yardstick for water resistance) 

The degree of pick when a coated paper was subjected to printing by a Rl printabilitv tester i^ino n 

m2T a h- *k feedd rr nin9 Water WaS examined visual| V and evaiuated in accSS^aleS^e 
method. A h,gher pomt indicates a better result. The point Is an average of six measurements 
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Example 15 
(1) Preparation of seed latex 
55 (Seed latex A) 



Into a 100-liter pressure vessel were fed 4 parts of acrylic acid, 76 parts of stvrene 20 oar* m 
d.vinylbenzene, 30 parts of sodium dodecylbenzenesulfonate and 1.5 parts "of potZ^eZT^e 
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mixture was polymerized at 80° C for 2 hours in a nitrogen atmosphere. As a result, a seed latex failing in 
the scope of this invention was obtained at a conversion of higher than 99%. This latex is hereinafter 
referred to as seed latex A. 

5 

(Seed latexes B and C) 

The same procedure as in the case of seed latex A was repeated, except that the polymerization 
materials and conditions shown in Table 4 were used, to obtain two seed latexes B and C both falling in the 
to scope of this invention. 

(2) Preparation of copolymer latex by seed polymerization 

15 Into a 100-liter pressure vessel were fed 1 part of the seed latex A, 3 parts of itaconic acid, 1 part of 
acrylic acid, 22 parts of butadiene, 48 parts of styrene, 10 parts of methyl methacrylate, 5 parts of 
acrylonrtrile, 1.5 parts of an a-methylstyrene dimer, 0.1 part of sodium dodecylbenzenesulfonate, 200 parts 
of water and 0.8 part of potassium persulfate. The mixture was polymerized at 60 *C for 5 hours in a 
nitrogen atmosphere (1st stage polymerization). In this polymerization, 0.15 part (besides the above 0.1 

20 part) of sodium dodecylbenzenesulfonate was added In two portions at the second and fourth hours from 
the start of polymerization. 

Then, 6 parts of butadiene, 2 parts of styrene and 3 parts of methyl methacrylate were added 
continuously in 2 hours to effect polymerization (second stage polymerization). Polymerization was contin- 
ued for a further 4 hours (aging) to complete the reaction at a conversion of 99%. 

25 The resulting copolymer latex was adjusted to pH 7 with sodium hydroxide. Steam was blown thereinto 
to remove the unreacted monomers, and the resulting mixture was subjected to vacuum distillation under 
heating to adjust the solid content of copolymer latex to 50%. Thus, a copolymer latex was obtained. 

Using the copolymer latex, there was prepared a paper coating composition in the same manner as in 
Example 1. The paper coating composition was evaluated by the same methods as in Example 13 and also 

30 In accordance with the following test methods for wet rub and calender roll staining resistance, to obtain the 
evaluation results shown in Table 6. 

Wet rub (yardstick for water resistance and roll staining resistance) 

35 

A sample was subjected to an Adams tester for 15 seconds and the resulting cloudy water was 
measured for transmittance by a spectrophotometer. A larger value indicates a better result 



40 Calendar roll staining resistance 

A coated paper not subjected to super calendering is placed on a block paper so that the coated side 

of the former contacts the latter; they are passed through a super calender 10 times at 50* C at 250 kg/cm 2 ; 

then, the degree of pick of the coated paper is evaluated by examining the staining of the block paper. Less 
45 staining indicates higher resistance for calender roil staining. 

Evaluation standard 

©: No staining is seen. 

O: Very slight staining is seen. 

A: Slight staining is seen, 
so x: Considerable staining is seen. 



Examples 16 and 17 

The same procedure as in Example 15 was repeated, except that the polymerization materials and 
conditions shown in Table 5 were used, to obtain copolymer latexes. 

Paper coating compositions were prepared from the copolymer latexes in the same manner as in 
Example 1 , and evaluated by the same methods as in Example 15 to obtain the results shown in Table 6. 
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Examples 18-22 

(Preparation of copolymer latexes) 



Into a pressure reactor were fed 80 parts of water, 2 parts of sodium dodecylbenzenesulfonate. 1 5 
^1 T%Z P r^ at6, f ° % ° f th9 m0n ° merS Sh< 3 wn in Tab,e 6 and 20% of tha <* a * transfer agent- 

Srf /I 6 - 1119 miXtUre WaS reaCt6d 3t 80 C f0r 3 hours - ^ a mi *^ of 'he remaSng 
porbons of the monomers and the chain transfer agent(s) was added continuously in 5 hours at 80* C to 
effect a reaction. The reaction was continued for a further 5 hours at 80 'C to complete polymerization to 
of Ss inve°n P t°on mer t hareinafter *° ^ copolymer latexes (1-18) to (.-22)] falling in the scope 



20 
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is (Preparation of compositions) 

Ta^vZrZ d 55 PartS <S ° lid COntent) of one of the c °P°ly"ier latexes (1-18) to (I-22) shown in 
!o ?n n^f 8 °t 8 IT" m,X ! Ure com P risin 9 a urea resin a "° a urea-melamine resin at a ratio (%) of 90 : 
ob Jn 5 20 Pa ? ° f Water - Thereint ° WaS btended °- 5 P art of ^monium chloride to 

S^£ZTT° T T * ,0nS - ^ thermose *"9 •■*» compositions were measured for 
physical properbes in accordance with the following test methods, to obtain the results shown in Table 8. 

(I) Preparation of test samples 

Each of the thermosetting resin compositions was coated on a 3-ply lauan plywood of 4 mm in 
th.ckness .n an amount shown below and specified by each of the following tesTs; on the coated 
™S " aS P ,acad ' J«" ■ "*•*»•. a slice veneer of 0.3 mm in thickness?they we subbed to 

3D 1 *' * 8y ^ ti9ht8ned at a Pressure of 5 at 110 C for 60 second? 

so thereafter.,they were aged for 20 hours at room temperature to obtain a decorative plywood havinoTslS 

SSTlSSJ?* 71,6 P,yW0 ° d ^ dimenSi ° nS SP8Ci,ied by Japane5e AgricuSre Sdard to 
Amount coated 

35 dela 9 mTn 0 aSsT d " 0 "°° ^ PreVenB ° n ° f Stain " 19 by 6Xudation and *»» ^° a ° a «< 
12 g/900 cm 2 for cold-hot cycle test 
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(II) Test items 

(1) Test for prevention of staining by exudation 



exud^L 8 ?^!^ 2? Ven8er SWe ° f 3 teSt Pl0Ce WaS Visua,,y lnspected t0 eva,uat * the degree of 
Q:l S? e^?a?on b s™ ° ^ C ° mp ° Sltl0n 00 the surface ' The eva,ua «™ standard used is as follows. 



No exudation is seen. 
A: Slight exudation is seen, 
x: Considerable exudation is seen 



(2) Test for seasoning crack resistance (cold-hot cycle test) 



55 



This test was conducted in accordance with a JAS (Japanese Agriculture Standard) specified for 

mn^n J i on, ? I ^ "1 3 ^ of 80 * 3 C. and thereafter allowed to stand for 2 hours Z a 
container of -20 ± 3 C. The surface of the resulting test piece was visually inspected to evaluate the decree 
of seasonmg crack on the surface. The evaluation standard used is as follows 9 
O: No seasoning crack is seen. 
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A: Slight seasoning crack is seen. 

x: Considerable seasoning crack is seen. 



5 (3) Test for bonding strength 

This test was conducted in accordance with the following methods specified by a JAS for ordinary 
plywood. 

(a) Test for bonding strength in normal state 
to (b) Type one soak delamination test (boiling water) 

(c) Type two soak delamination test (hot water of 70* C) 
Each of the above tests (a), (b) and ,c) was conducted using a tensile tester for plywood, manufactured 
by Toyo Shikenki, at a peeling speed of 50 mm/min. 

In the above tests (a) to (c), wood failure was also examined. Wood failure refers to such a condition 
75 that during the measurement of adhesion, peeling takes place with the chips of the adhered (the slice 
veneer) remaining on the peeling interface. The value of wood failure is expressed as a ratio (%).of wood 
failure area to adhesion area. A larger wood failure indicates a higher adhesion. 



20 Examples 23 to 27 

55 parts of an isobutyrene-maleic anhydride copolymer (KURARE ISOBAM 06 manufactured by 
KURARAY CO., LTD.), 1 .0 part of sodium hydroxide and 65 parts of water were mixed and then heated at 
65* C to obtain a solution. To this solution were added 100 parts of slaked lime and 45 parts of water in this 
25 order, and the mixture was stirred. The mixture was mixed with 45 parts (solid content) of one of the 
copolymer latexes <M8) to (I-22) prepared in Examples 18 to 22, and 0.3 part of ammonium chloride to 
obtain 5 thermoplastic polymer compositions. The thermoplastic polymer compositions wer tested for 
coatabiiity in accordance with the following test method and also for bonding strength by the same method 
as in Example 18. The results are shown in Table 9. 



Coatabiiity (tent method) 

In accordance with the test method for viscosity change with time, 550 g of a thermoplastic polymer 
composition is charged into a spreader, wherein the composition is rotated at a given speed to measure its 
viscosity change with time and workability. The evaluation standard used is as follows. 
O: Coating by spreader is smooth and coatabiiity is good, 
x: Coating by spreader is not smooth and coatabiiity is poor. 



Examples 28-61 and Comparative Examples 1-4 



(Preparation of copolymer latexes 

Into a 100-liter pressure reactor was fed 150 parts of water, followed by feeding the first stage materials 
[monomers, chain transfer agent(s). polymerization initiators) and emulsifier(s)] shown in Tables 10, 11. 13, 
15, 17 and 19. The mixture was polymerized at 70* C for 2 hours in a nitrogen atmosphere. 

' Then, the second stage monomers and chain transfer agent(s) were continuously added in 8 hours to 
effect polymerization. The second stage emulsifier(s) was (were) added in one portion at the fifth hour from 
the start of the second stage addition. The reaction was continued for a further 3 hours to complete 
polymerization, the polymerization was completed when the conversion reached about 98%. 

Each of the resulting copolymer latexes was adjusted to pH 7.5 with sodium hydroxide; steam was 
blown thereinto to remove the unreacted monomers; the resulting mixture was subjected to vacuum 
distillation under heating to adjust the solid content to 50% to obtain copolymer latexes (Nos. of these 
copolymer latexes are shown in Tables 10, 11, 13, 15, 17 and 19). 

The copolymer latexes were measured for fine coagula content and gel content by the same methods 
as in Example 1. The results are shown in Tables 10, 12, 14, 16, 18 and 19. 
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(Preparation of paper coating compositions) 

Paper coating compositions (coatings) were prepared from the above copolymer latexes in the same 
manner as in Example 1 . 

5 The coatings were evaluated by the same methods as in Example 1 . The results are shown in Tables 
10, 12, 14.16. 18 and 19. 



Examples 62-67 and Comparative Example 5 



70 



The procedure of Example 1 was repeated, except that there were used the monomer mixture, chain 
transfer agents, polymerization initiator and emulsifier shown in Table 20, to obtain copolymer latexes. In all 
the copolymer latexes, polymerization was completed at a conversion of 98%. 

Paper coating compositions were prepared from the copolymer latexes in the same manner as in 
75 Example 1 , and evaluated for properties. 

The results are shown in Table 20. 

In Table 20. fine coagula is indicated by %, wet pick resistance was measured by the same method as 
in Example 13; and odor was evaluated using an evaluation standard consisting of (O) (no problem in 
practical use) and (A) (slight odor). 
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Table 4 



Seed iatex 


A 


B 


C 


Monomers (parts) 








Divinylbenzene 


on 


c 
O 


^n 

owl 


Styrene 


76 


93 


56 


Butadiene 






10 


Acrylic acid 


4 


2 




Methacrylic acid 






4 


Emulsifier (parts) 








Sodium dodecylbenzenesulfonate 


30 


25 


30 


Polymerization initiator (parts) 








Potassium persulfate 


1.5 


1.5 


1.5 


Average particie diameter (A) 


320 


350 


270 


Gel content (%) 


98 


88 


99 



20 

Table 5 







Example 


Example 16 


Example 


25 




15 




17 




Seed latex 










Symbol 


A 


B 


C 




Amount used (parts) 


1 


1 


1.5 


30 


Monomers (parts in 1st/2nd stages) 










Butadiene 


22/6 


4/29 


28/7 




Styrene 


48/2 


9/32 


35.5/2 




Methyl methacrylate 


10/3 


3/11 


10/4 


35 


Acrylonitrile 


5/0 




8/2 


Itaconic acid 


3/0 


2/0 


2.5/0 




Acrylic acid 


1/0 


1/0 


1/0 




Chain transfer agents (parts in lst/2nd stages) 










o-Methylstyrene dimer 


1.5/0 


0.5/1.5 


0.5/0.5 


40 


tert-Dodecylmercaptan 




0.2/0.4 


0.3/0.1 




Emulsifier (parts in 1st/2nd stages) 










Sodium dodecylbenzenesulfonate 


0.25/0 


0.03/0.15 


0.25/0 




Polymerization initiator (parts in 1st/2nd stages) 








45 


Potassium persulfate 


0.8/0 


1/0 


0.7/0.1 




Polymerization time (hours) 






6/2/4 




1st stage polymerization/2nd stage polymerization/aging 


6/2/4 


2/6/4 




Gel content (%) 


81 


46 


61 



50 
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Table 6 
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content 
(%) 
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coagula 


Mechanical 
stbllity of coating 
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Physical properties of coated paper 


Dry pick 
resistance 


Wet pick 
resistance 


Wet 
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staining 
resistance 


Blister 
resistance 
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Copolymer latex No. 


Monomers (parts) 
Butadiene 
Styrene 
Acrylic acid 
Methacrylic acid 
Methyl methacrylate 


Chain transfer agents (parts) 
a-Methylstyrene dimer 
tert-Dodecylmercaptan 


Gel content (%) 
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Table 8 





Examples 


18 


19 


20 


21 


22 


Prevention of staining by exudation 


O 


O 


O 


O 


O 


Seasoning crack resistance 


O 


O 


O 


O 


O 


Bonding strength 


Test for boinding strength in normal state (kg/cm 2 ) 


15.3 


14.7 


15.1 


14.9 


15.7 


(wood failure) (%) 


(100) 


(100) 


(100) 


(100) 


(100) 


Type two soak delamination test (kg/cm 2 ) 


12.1 


11.8 


12.4 


12.5 


13.1 


(Wood failure) (%) 


(100) 


(100) 


(100) 


(100) 


(100) 


Type one soak delamination test (kg/cm 2 ) 


8.2 


8.4 


8.1 


7.9 


8.4 


(Wood failure) (%) 


(80) 


(90) 


(85) 


(75) 


(85) 
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Claims 

40 

1. A process for producing a copolymer latex having a gel content of 5% by weight or more, comprising 
emulsion-polymerizing 

(a) 2-80% by weight of a conjugated diene compound, 

(b) 0.1-10% by weight of an ethylenically unsaturated carboxyllc acid, and 

45 (c) 10-97.9% by weight of an ethylenically unsaturated compound other than the components (a) and (b) 
in the presence of 

(d) a chain transfer agent comprising at least one member selected from the group consisting of the 
following (d-1)to (d-6): 

(d-1) an a-methylstyrene dimer, 
so (d-2) at least one disulfide compound selected from the group consisting of dimethylxanthogen 

disulfide, diethylxanthogen disulfide and thiuram disulfide, 

(d-3) at least one hydrocarbon compound selected from the group consisting of hydrocarbon 
compounds having an aromatic ring and at least one saturated carbon atom directly bonded to the 
ring, said carbon atom having bonded thereto at least one hydrogen atom and forming an aliphatic 
55 ring, and aiicyclic hydrocarbon compounds having in the ring at least two carbon-to-carbon double 

bonds and at least one saturated carbon atom adjacent to the carbon-to-carbon double bonds and 
forming the aliphatic ring, said carbon atom having at least one hydrogen atom. 
(d-4) an unsaturated heterocyclic compound having in the heterocyclic ring a carbon-to-carbon double 
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bond and at least one saturated carbon atom adjacent to the carbon-to-carbon double bond and 
forming the heterocyclic ring, said carbon atom having at least one hydrogen atom, 
(d-5) a hydrocarbon compound having at least two unsaturated bonds and at least one saturated 
carbon atom adjacent to the carbon atoms taking part in the two unsaturated bonds, said saturated 
5 carbon atom forming no ring structure and having at least one hydrogen atom, and 

(d-6) a mixture consisting of (X) 5-95% by weight of at least one compound selected from the group 
consisting of terpinolene, «-terpinene, y-terpinene and dipentene and (Y) 95-5% by weight of at least 
one compound selected from the group consisting of alkylmercaptans, halogenated hydrocarbons and 
disulfide compounds. 

io 2. The process according to Claim 1, wherein the amount of the component (a) is 20-60% by weight, the 
amount of the component (b) is 0.5-7% by weight, and the amount of the component (c) is 33-79.5% by 
weight. 

3. The process according to Claim 1, wherein the gel content of the copolymer latex produced is 10% by 
weight or more. 

75 4. The process according to Claim 1 , wherein the conjugated diene compound (a) is at least one compound 
selected from the group consisting of butadiene, isoprene, 2-chloro-l ,3-butadiene and 2-methyl-1 ,3- 
butadiene. 

5. The process according to Claim 1, wherein the ethylenically unsaturated carboxylic acid (b) is at least 
one compound selected from the group consisting of monocarboxytic acids, dicarboxyiic acids, dicarboxyiic 

20 acid monoesters and dicarboxyiic acid anhydrides. 

6. The process according to Claim 1, wherein the ethylenically unsaturated carboxylic acid (b) includes a 
dicarboxyiic acid. 

7. The process according to Claim 1, wherein the ethylenically unsaturated carboxylic acid (b) is a 
combination of a dicarboxyiic acid and a monocarboxylic acid. 

25 8. The process according to Claim 1, wherein the* component (c), i.e. the ethylenically unsaturated 

compound other than the components (a) and (b) is at least one compound selected from the group 
. consisting of aromatic alkenyl compounds, ethylenically unsaturated carboxylic acid ester compounds, 

ethylenically unsaturated carboxylic acid amide compounds, alkenyl cyanide compounds and ethylencially 

unsaturated amine compounds. 
30 9. The process according to Claim 1 , wherein an ethylenically unsaturated amine is used as the component 

(c) in a proportion of 0.1-10% by weight based on the total monomers. 

10. The process according to Claim 1, wherein the amount of the component (a) is 10-60% by weight, the 
amount of the component (b) is 0.5-10% by weight, and as the component (c), there are used 10-65% by 
weight, based on the total monomers, of an aromatic alkenyl compound and 0.1-10% by weight, based on 

35 the total monomers, of an ethylenically unsaturated carboxylic acid amide and/or a hydroxyalkyl (meth)- 
acrylate. 

1 1 . The process according to Claim 1 , wherein an alkenyl cyanide compound is used as the component (c) 
in a proportion of 0.5-40% by weight based on the total monomers. 

12. The process according to Claim 1, wherein the component (d) is selected from the group consisting of 
40 (d-1) an -methylstyrene dimer, 

(d-3) at least one hydrocarbon compound selected from the group consisting of hydrocarbon compounds 
having an aromatic ring and at least one saturated carbon atom directly bonded to the ring, said carbon 
atom having bonded thereto at least one hydrogen atom and forming an aliphatic ring, and alicyclic 
hydrocarbon compounds having in the ring at least two carbon-to-carbon double bonds and at least one 
45 saturated carbon atom adjacent to the carbon-to-carbon double bonds and forming the aliphatic ring, said 
carbon atom having at least one hydrogen atom, 

(d-4) an unsaturated heterocyclic compound having in the heterocyclic ring a carbon-to-carbon double 
bond and at least one saturated carbon atom adjacent to the carbon-to-carbon double bond and forming 
the heterocyclic ring, said carbon atom having at least one hydrogen atom, 
50 (d-5) a hydrocarbon compound having at least two unsaturated bonds and at least one saturated carbon 
atom adjacent to the carbon atoms taking part in the two unsaturated bonds, said saturated carbon atom 
forming no ring structure and having at least one hydrogen atom, and 

(d-6) a mixture consisting of (X) 5-95% by weight of at least one compound selected from the group 
consisting of terpinolene, a-terpinene, y-terpinene and dipentene and (Y) 95-5% by weight of at least one 
65 compound selected from the group consisting of alkylmercaptans, halogenated hydrocarbons and 
disulfide compounds. 

13. The process according, to Claim 1, wherein the component (d) is an o-methylstyrene dimer (d-1). 

14. The process according to Claim 13, wherein the a-methylstyrene dimer consists of 40% by weight or 
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more of 2,4-diphenyl-4-methyl-1 -pentene and 60% by weight or less of 2,4-diphenyl-4-methyl-2-pentene or 
1,1 f 3-trimethyl-3-phenylindane or both. 

15. The process according to Claim 1, wherein the component (d) is used in a proportion of 0.05-20 parts 
by weight per 100 parts by weight of the total of the components (a), (b) and (c). 
5 16. The process according to Claim 1, wherein the component (d) is used in a proportion of 0.1-10 parts by 
weight per 100 parts by weight of the total of the components (a), (b) and (c). 

17. The process according to Claim 1, wherein the component (d) consists of 2-100% by weight of an or 
methylstyrene dimer and 98-0% by weight of a chain transfer agent other than the a-methylstyrene dimer. 

18. The process according to Claim 1. wherein the component (d) consists of 5-100% by weight of an o- 
70 methylstyrene dimer and 95-0% by weight of a chain transfer agent other than the a-methylstyrene dimer. 

19. The process according to Claim 1, wherein the component (d) consists of 5-95% by weight of an a- 
methylstyrene dimer and 95-5% by weight of a chain transfer agent other than the a-methylstyrene dimer. 

20. The process according to Claim 17, wherein the chain transfer agent other than the a-methylstyrene 
dimer is at least one compound selected from the group consisting of mercaptans. halogenated hydrocar- 

T5 bons and disulfide compounds. 

21. The process according to Claim 1, wherein a polymerization initiator consisting of an inorganic 
polymerization initiator and an organic polymerization initiator is used during the emulsion polymerization. 

22. The process according to Claim 1, wherein 10-50% by weight of the total amount of the components 
(a), (b) and (c) are polymerized in the first stage and, in the second stage, the balance (50-90% by weight) 

20 is continuously fed and polymerized. 

23. The process according to Claim 1, wherein 10% by weight or more of the total amount of the 
components (a), (b) and (c) and 5% by weight or more of the chain transfer agent are continuously fed and 
the weight ratio per unit time of the monomers (a), (b) and (c) continuously fed to the chain transfer agent 
continuously fed is changed continuously. 

25 24. The process according to Claim 1 , wherein the polymerization conversion is 90% by weight or more. 

25. The process according to Claim 1, wherein the component (d-3) is selected from the group consisting of 

(A) condensed polycyclic hydrocarbon compounds consisting of at least one aromatic ring and at least 
one aliphatic ring selected from five-membered rings and six-membered rings, 

(B) five-membered or six-membered single ring alicyclic hydrocarbon compounds having two unsatu- 
30 rated double bonds in the ring, and 

(C) alicyclic hydrocarbon compounds consisting of two aliphatic rings selected from five-membered rings 
and six-membered rings and having three unsaturated double bonds in the aliphatic rings. 

26. The process according to Claim 1, wherein the component (d) is 9,10-dihydroanthracene. 

27! The process according to Claim 1, wherein the component (d-4) is selected from the group consisting of 
35 2,5-dihydrofuran. a-pyran, -y-pyran, 3,6-dihydro-2H-pyran, 2H-chromene. 4H-chromene, xanthene, phthalan 
and 3H-indole. 

28. The process according to Claim 1 , wherein the component (d) is xanthene. 

29. The process according to Claim 1 , wherein the component (d-5) is selected from compounds having a 
structural unit represented by the following general formula (I) and compounds having a structural unit 

40 represented by the following general formula (II): 



45 



50 




55 30. The process according to Claim 1, wherein the component (d) is 1 ,4-hexadiene. 

31. The process according to Claim 1, wherein the components (a), (b) and (c) are polymerized in the 
presence of a seed latex. 

32. The process according to Claim 28, wherein the seed latex is obtained by polymerizing 0.1-10% by 
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weight of an ethylenically unsaturated carboxylic acid, 0-40% by weight of a crosslinking monomer and 50- 
99.9% by weight of a conjugated diene or other unsaturated monomer or both. 

33. The process according to Claim 31, wherein the seed latex is obtained by polymerizing 0.1-10% by 
weight of an ethyienically unsaturated carboxylic acid, 0.5-40% by weight of a crosslinking monomer and 

5 50-99.4% by weight of a conjugated diene or other unsaturated monomer or both. 

34. A paper coating composition comprising a copolymer latex obtained according to the process of Claim 
1 and a pigment 

35. A paper coating composition comprising a copolymer latex obtained according to the process of Claim 
9, a pigment comprising at least 30% by weight of calcium carbonate, and a water-soluble high molecular 

10 compound. 

36. A carpet backing agent comprising a copolymer latex obtained according to the process of Claim 1 and 
an inorganic filler. 

37. An adhesive comprising a copolymer latex obtained in the process of Claim 1 and a thermoplastic 
polymer. 

75 38. An adhesive comprising a copolymer latex obtained the process of Claim 1 and a thermosetting 
polymer. 
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© Process for producing copolymer latex and paper coating composition, carpet backing 
composition or adhesive composition comprising said latex. 



® A process for producing a copolymer latex hav- 
ing a gel content of 5% by weight or more, compris- 
ing emulsion-polymerizing 

(a) 2-80% by weight of a conjugated diene com- 
pound, 

(b) 0.1-10% by weight of an ethylenically unsatu- 
rated carboxylic acid, and 

(c) 10-97.9% by weight of an ethylenically unsatu- 
rated compound other than the components (a) 
and (b) in the presence of 

(d) a chain transfer agent comprising at least one 
member selected from the group consisting of the 
following (d-1) to (d-6): 

(d-1) an a-methylstyrene dimer, 

(d-2) at least one disulfide compound selected 

from the group consisting of dimethylxan- 



thogen disulfide, diethyixanthogen disulfide 
and thiuram disulfide, 

(d-3) at least one hydrocarbon compound se- 
lected from the group consisting of hydrocar- 
bon compounds having an aromatic ring and at 
least one saturated carbon atom directly bon- 
ded to the ring, said carbon atom having bon- 
ded thereto at least one hydrogen atom and 
forming an aliphatic ring, and alicyclic hydro- 
carbon compounds having in the ring at least 
two carbon-to-carbon double bonds and at 
least one saturated carbon atom adjacent to 
the carbon-to-carbon double bonds and for- 
ming the aliphatic ring, said carbon atom hav- 
ing at least one hydrogen atom, 
(d-4) an unsaturated heterocyclic compound 
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having in the heterocyclic ring a carbon-to- 
carbon double bond and at least one saturated 
carbon atom adjacent to the carbon-to-carbon 
double bond and forming the heterocyclic ring, 
said carbon atom having at least one hydrogen 
atom, 

(d-5) a hydrocarbon compound having at least 
two unsaturated bonds and at least one satu- 
rated carbon atom adjacent to the carbon 
atoms taking part in the two unsaturated 
bonds, said saturated carbon atom forming no 
ring structure and having at least one hydro- 
gen atom, and 

(d-6) a mixture consisting of (X) 5-95% by 
weight of at least one compound selected from 
the group consisting of terpinolene, o-ter- 
pinene, -y-terpinene and dipentene and (Y) 95- 
5% by weight of at least one compound se- 
lected from the group consisting of alkylmer- 
captans, halogenated hydrocarbons and disul- 
fide compounds. The copolymer latex pro- 
duced according to the above process con- 
tains fine coagula only in a very small amount, 
and is suitable for use in paper coating com- 
positions, carpet backing compositions and ad- 
hesive compositions. 
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